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All procedures were performed according to the Declaration of Helsinki and approved by the regional Scientific Ethical Committees. We assessed serum vaspin concentrations employing RIA (Millipore, St Charles, MI, USA). Blood samples were obtained after an overnight fast in 295 participants. Insulin resistance was estimated by HOMA and calculated as [fasting plasma glucose (Glc 0 ) (mmol/l)× (insulin (Ins 0 ) (pmol/l)/6.95)/22.5]. According to the 1998 WHO criteria for a 75 g OGTT, we stratified the 295 twin participants into normal glucose tolerance (NGT, n=151), impaired fasting glucose or impaired glucose tolerance (IFG/ IGT, n=18/75, respectively), and type 2 diabetes (n=51) groups.
Serum vaspin levels ranged from 0.01 to 3.68 ng/ml in all but four participants. One MZ twin pair and two DZ twins from different twin pairs displayed much higher levels ranging between 17.8 and 29.2 ng/ml compared with a mean level of 0.47 ng/ml in the remaining twins. The vaspin concentrations in the two MZ participants were 27.2 and 29.0 ng/ml. The two DZ participants displayed vaspin levels of 17.8 and 29.2 ng/ml, whereas their co-twins displayed much lower levels of 0.84 and 0.81 ng/ml, respectively. We classified participants into two subgroups based on their serum vaspin levels (subgroup A: serum vaspin levels <3.68 ng/ml, and subgroup B: serum vaspin levels >3.68 ng/ml). No significant differences in clinical variables, other than WHR, were observed between the subgroups (see electronic supplementary material [ESM] Table 1 ). Similarly, we found no significant differences in clinical variables between the two DZ twins with high levels compared with their low level co-twins (ESM Table 2 ). We speculated that the higher vaspin levels are due to genetic rather than environmental factors. Henceforth, all of the statistical analyses in the present study were performed in subgroup A, unless otherwise indicated.
In the comparison of vaspin levels between the groups with various glucose tolerance statuses, we adjusted for the following confounders: twin pair relationship, zygosity, age, sex and BMI. Log transformed serum vaspin levels (log e vaspin) were significantly higher in participants with IFG/IGT and type 2 diabetes compared with participants with NGT (ESM Fig. 1 ). Stepwise regression analyses were performed, including independent variables such as zygosity, sex, age, BP and anthropometric indices as well as measures of glucose and lipid metabolism, to predict serum vaspin concentrations. Only age, zygosity, and triacylglycerol and fasting glucose levels were independently associated with serum vaspin concentrations ( Table 1) . No significant associations were detected between serum vaspin levels and sex, anthropometric indices, HbA 1c , HOMA or BP.
Correlations of intra-twin pair phenotypic differences allow for elimination of the influence of common environmental and maternal effects and, in particular, of the influence of genotype in MZ twins. We found no significant correlations between absolute vaspin levels and anthropometric variables, including WHR and BMI, in either MZ or DZ twins. However, we demonstrated a significant positive intra-twin pair correlation between serum vaspin levels and WHR in MZ twins (r=0.306, p=0.018), but not in DZ twins (ESM Table 3 ), indicating that an increased degree of abdominal fat is associated with elevated serum vaspin levels, independent of any genetic component or of nongenetic factors, including maternal status, intrauterine conditions and age.
The heritability (h 2 ), which expresses the proportion of a trait's total variation attributable to genetic variation, is estimated to be twice the difference between the intraclass correlation of MZ and DZ twins h 2 ¼ 2 r MZ À r DZ ð Þ Â Ã . The intraclass correlations for serum vaspin levels were not different between MZ and DZ twins (r MZ =0.53; r DZ =0.33), and the h 2 was 0.40. When the intraclass correlations for vaspin levels were analysed separately by sex, the correlations in men were similar in MZ and DZ twin pairs (r MZ = 0.42; r DZ =0.43), corresponding to an h 2 of zero. This suggests an exclusively non-genetic contribution to the variation in serum vaspin levels. However, in women, the intraclass correlation was higher in MZ than DZ twin pairs (r MZ =0.64; r DZ =0.25). The h 2 of 0.78 suggests a major influence of genetic factors in women and thus sexual dimorphism in the heritability of serum vaspin levels. Interestingly, a sex difference in circulating vaspin levels was also found in previous studies, reporting elevated vaspin concentrations in female compared with male participants [3, 4] . In conclusion, our results indicate that, in vivo, serum vaspin levels are elevated in individuals with IFG/IGT and type 2 diabetes. Vaspin levels did not correlate with HOMA or insulin levels; however, they correlated with fasting plasma glucose, suggesting a role in glucose metabolism, particularly in the fasting state. Finally, we demonstrated a non-genetic association between WHR and serum vaspin levels, and a higher h 2 estimate for serum vaspin levels in women compared with men.
